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© Compact chemical reaction vessel. 



© The vessel (2) is a fuel/steam reformer which 
has an annular chamber containing a catalyst bed 
(44). The annular chamber is surrounded by a heat- 
ing zone and heat pipes (52) from the heating zone 
extend through the interior of the catalyst bed (44) 
whereby the catalyst is concurrently heated from 
inside and outside of the bed. A burner (12) is 
positioned coaxially of the annular chamber to sup- 
ply the required heat. Raw fuel is fed into a vaporiz- 
ing chamber (50) below the catalyst bed and after 
^vaporization, rises through the catalyst bed (44) for 
^ conversion to a hydrogen rich fuel gas. The fuel gas 
is collected in a chamber above the catalyst bed. 
2 The device is particularly useful for compact metha- 
ne nol fuel cell power plants. 
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Compact Chemical Reaction Vessel 



Technical Field 

This invention relates to a compact chemical 
reaction vessel, and more particularly to a reformer 
for use in producing hydrogen-rich fuel for a com- 
pact fuel cell power plant. 



Background Art 

Compact fuel cell power plants capable of pro- 
ducing up to 10 kW of power can have many areas 
of application in today's world. Such power plants 
can be made portable so as to be able to supply 
electrical power for vehicles, such as vans, trailers, 
boats or the like. Such compact power plants could 
also be used as emergency generators at such 
times when conventional electrical power sources 
are inoperative. Further fields of use for such com- 
pact fuel cell power plants include military and 
remote site installations. 

it will be appreciated that small fuel cell power 
plants of the aforesaid nature will best use a raw 
fuel which is not exotic, can be easily stored and 
transported and is relatively inexpensive. One such 
fuel which can be converted to a hydrogen-en- 
riched fuel gas for use in fuel cells is methanol. 
Raw methanol can be catalytically converted, with 
application of heat, to a hydrogen-enriched fuel gas 
for a fuel cell of the character described. 



Disclosure of Invention 

This invention relates to a compact reformer 
which can be used as a component of a portable 
fuel cell power plant to reform methanol or other 
like liquid raw fuel into a hydrogen-enriched gas- 
eous fuel for consumption by the fuel cell. The 
reformer of this invention is cylindrical in shape 
and geometry, including an insulated housing, and 
can be made as small as about 1 foot in height and 
about 7 inches in diameter. The housing will be 
well insulated for heat retention and includes an 
axial burner opening through one end wall of the 
housing. An annular catalyst bed surrounds the 
burner. The catalyst bed is contained in an annular 
retainer. An annular refractory shield is interposed 
between the burner and the catalyst retainer and 
the outside surface of the refractory shield along 
with the inside surface of the reformer housing 
combine to form a heating zone in which the cata- 
lyst retainer is positioned. A plurality of heat tubes 
extend axially of the reformer housing through the 



catalyst bed at circumferential ly spaced locations. 
The catalyst is heated quickly and evenly by the 
heating zone and by the heat tubes which open 
into the heating zone. Raw fuel is fed through tubes 

5 into a chamber heated by the heating zone and 
positioned below the catalyst bed. The raw fuel 
vaporizes in the chamber and rises through the 
catalyst bed to be converted into a hydrogen-rich 
gaseous fuel. The converted or reformed fuel is 

w collected above the catalyst bed and withdrawn 
from the reformer. 

It is therefore an object of this invention to 
provide a compact fuel reformer for use in a fuel 
cell power plant of relatively small size. 

/5 It is a further object of this invention to provide 

a reformer of the character described wherein the 
catalyst and fuel are quickly and evenly heated up 
to operating temperature. 

It is another object of this invention to provide 

20 a reformer of the character described wherein the 
reformed fuel is efficiently produced and collected 
for use by the power plant. 

These and other objects and advantages of the 
invention will become more readily apparent from 

25 the following detailed description of a preferred 
embodiment thereof when taken in conjunction with 
the accompanying drawings. 

30 Brief Description of Drawings 

Fig. 1 is a top plan view of a reformer 
reaction vessel of compact size formed in accor- 
dance with this invention; 
35 Fig. 2 is a sectional view of the device taken 

along lines 2-2 of Fig. 1: 

Fig. 3 is a sectional view taken along lines 3- 
3 of Fig. 2; and 

Fig. 4 is a sectional view taken along lines 4- 
40 4 of Fig. 2. 

Best Mode for Carrying Out the Invention 

45 Referring now to the drawings, there is shown 

in Fig. 1 a preferred embodiment of a reformer 
vessel, denoted generally by the numeral 2, formed 
in accordance with this invention. The vessel 2 has 
a cylindrical housing 4 with a top end wall 6 having 

so a central well 8 closed by a wall 10. A burner tube 
12 is disposed- coaxially of the housing 4 and 
extends through the wall 10. A spark plug fitting 14 
is mounted in the wall 10 adjacent to the burner 
tube 12. Raw fuel inlet pipes 16 extend through the 
wall 6, as does a processed fuel outlet pipe 18. A 
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burner exhaust pipe 20 extends through the hous- 
ing 4. 

Referring now to Fig. 2. the internal construc- 
tion of the vessel 2 is shown. The burner tube 12 
extends through the wall 10 and also through a 5 
subsequent wall 22. The tube 12 has flame ports 
24 which open into an annular refractory ring 26 
mounted on the wall 22. Outwardly spaced from 
the ring 26 is a sleeve 28 which extends beyond 
the wall 22 to the wall 10, and which contains w 
another elongated refractory ring 30. The spark 
plug holder 14 extends into a ring-shaped flash or 
ignition chamber 32 bounded by the walls 10 and 
22. and by the burner tube 12 and sleeve 28. 
There are openings 34 in the wall 22 for flash back is 
of the gaseous burner fuel whereby a spark from a 
spark plug in the chamber 32 will ignite fuel issuing 
from the flame ports 24. The burner flame will thus 
project into the refractory rings 26 and 30. It will be 
noted that the sleeve 28 and the refractory ring 30 20 
terminate short of the lower end wall 5 of the 
housing 4 whereby hot gases will flow outwardly 
past the end of the ring toward the sides of the 
housing 4 as per arrows 54. Surrounding the sleeve 
28 is an annular catalyst retainer 36 having a 25 
closed bottom 38. Inside of the retainer 36 there 
are upper and lower bed rings 40 and 42 respec- 
tively which define the upper and lower bounds of 
a catalyst bed 44 contained within the retainer 36. 
The bed rings 40 and 42 are both perforated to 30 
allow passage of fuel gas therethrough. The top of 
the retainer 36 is closed by an imperforate top ring 
46. Spaced from the bottom 38 of the retainer 36 is 
a spacer ring 48 which is also perforated to allow 
passage of gas therethrough. Below the ring 48 in 35 
the bottom of the retainer 36 there are disposed a 
plurality of small refractory pellets 50 which are 
heated by the burner flame as will be set forth in 
greater detail hereinafter. 

The raw fuel feeding tubes 16 extend through 40 
the top wall 6. the rings 46 and 40, the catalyst bed 
44, and the rings 42 and 48. The tubes 16 are thus 
operable to feed raw fuel onto the heated pellets 
50 from an external source of the raw fuel. A 
plurality of circumferentially spaced heat tubes 52 45 
extend through the catalyst bed 44. The tubes 52 
have lower open ends which project through the 
bottom wall 38 of the retainer 36, and have in- 
wardly tapered end surfaces 54 which open toward 
the central axis of the vessel 2. The tubes 52 pass so 
through the rings 48. 42 and 40 and open through 
the ring 46 into an annular burner exhaust manifold 
56. The burner exhaust manifold is formed by the 
housing 4 on the outside, by the sleeve 28 on the 
inside, by the ring 46 on the bottom, and by a ring 55 
58 on the top. A plurality of circumferentially 
spaced bypass pipes 60 open through the ring 46 
from the top of the catalyst bed 44 and the ring 58 



into a collection manifold 62 which empties into the 
processed fuel outlet pipe 18. Figs. 3 and 4 show 
the relative positions in plan of the various pipes 
and tubes in the device. 

The device operates as follows, in anticipation 
of the need for processed fuel for the fuel cell, a 
gas such as methane or the like is fed to the 
burner tube 12 and ignited by the spark plug 
igniter. The burner flame projects through the re- 
fractory sleeve 30 toward the closed end 5 of the 
housing 4. The heat generated by the flame 
spreads radially at the closed end of the housing 4 
and progresses back toward the inlet end of the 
housing 4 outside of the sleeve 28. The area inside 
of the heat tubes 52 is heated, thus heating the 
catalyst bed 44 from the inside. The areas between 
the sleeve 28 and the retainer 36. as well as 
between the housing 4 and the retainer 36 are also 
heated to heat the catalyst bed 44 from the out- 
side. The desired operating temperature of about 
500° F will be reached in about 15 minutes after . 
ignition of the burner 12. Once operating tempera- 
tures are reached, raw fuel, such as methanol, is 
dripped through the tubes 16 onto the pellets 50 
where it vaporizes. The methanol vapor rises back 
through the catalyst bed 44, where it is transformed 
into a hydrogen-rich fuel cell fuel, and thence 
through the ring 40 and into the pipes 60. The 
processed fuel is then exhausted from the manifold 
62 through the exhaust pipes 18. 

It will be readily, appreciated that the reformer 
device of this invention is quite compact, and can 
be rendered operable very quickly to supply fuel 
cell anode fuel on demand. The catalyst bed will 
heat quickly and evenly. 

Since many changes and variations of the dis- 
closed embodiment of the invention may be made 
without departing from the inventive concept, it is 
not intended to limit the invention otherwise than as 
required by the appended claims. 

Claims 

l. A vessel for catalytically reforming raw hy- 
drocarbon fuels, said vessel comprising: 

a) a housing having a cylindrical side wall: 

b) burner means in said housing on the axis 
thereof for heating the interior of the housing, said 
burner means including a tubular refractory heat 
shield into which heat is propagated by said burner 
means; 

c) means forming an annular catalyst bed in 
said housing, said catalyst bed being radially out- 
wardly spaced from and surrounding said tubular 
heat shield, and radially inwardly spaced from and 
surrounded by said cylindrical side wall of said 
housing; 
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d) a plurality of circumferentially spaced heat 
tubes extending through said catalyst bed for duct- 
ing hot gases from said burner means through 
interior portions of said catalyst bed to heat the 
latter from the inside; 5 

e) means for admitting raw hydrocarbon fuel 
to a heated area in said vessel adjacent to said 
catalyst bed for vaporization of the raw fuel and 
subsequent percolation of the vaporized fuel 
through said catalyst bed to reform the raw fuel to w 
a hydrogen-rich fuel gas; and 

f) means for collecting reformed fuel gas 
from said catalyst bed for subsequent use. 

2. The vessel of claim 1 further comprising 
heat exhaust means for exhausting hot burner gas- 15 
es from said heat tubes, from a first heating zone 
between said catalyst bed and said tubular heat 
shield, and from a second heating zone between 

said catalyst bed and said housing cylindrical side 
wall. 20 

3. The vessel of claim 2 further comprising a 
first imperforate ring overlying said catalyst bed to 
block gas flow from said catalyst bed. and wherein 
said heat tubes open through said first imperforate 

ring to allow passage of hot gases from said heat 25 
tubes to said heat exhaust means. 

4. The vessel of claim 3 further comprising 
bypass pipe means opening through said first im- 
perforate ring to duct reformed fuel gas from said 
catalyst bed, past said heat exhaust means, to said 30 
means for collecting reformed fuel gas. 

5. The vessel of claim 3 or 4 wherein said 
means for collecting reformed fuel gas is a mani- 
fold defined in part by one imperforate end wall of 

said housing and by another imperforate ring adja- as 
cent to and spaced apart from said first imperforate 
ring. 

6. The vessel of any one of claims 1 to 5 
wherein said means for admitting raw hydrocarbon 

fuel comprises at least one duct extending through 40 
a wall of said housing and through said catalyst 
bed to a vaporization chamber disposed adjacent 
to said catalyst bed. 
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FIG. 2 
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FIG. 4 
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